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Investigations on copulatory ability in Chlamﬂomohas eugametos, Herbert
Forster & Lutz Wiese. Max. Planck Inst. Biol, (Hartmam Section, Tibingen).

The experiments of the work below should verify the frequently
doubted contributions of Moewss with C, eugametos, The experiments were
carried out with the greatest care, and I have myself in all cases been con=
vincédAt.hat they always took place in the stated way and were always reproe
ducible, Because the basic cbservations of Moewus could not be confirmed
vith the material mads avallable, it was not possible to examine the
relationship of the male and female gamonss to light, and their quantitative
alterations by light. Tt could only be proved that filtrates of male and
female gametes contain differently acting hormones, Experiments with these
filtrates will be reported later. Max Hartmamn o

| shet
'In 1951, Dr. Moewus left behind with us a clome culture of both
sexes and zjgotes of C, eugametos var. simplex, We intended te reproduce his
experiments ard to confirm them, The study was carri.ed out at the wish of
Prof, Hartmann and Prof, Kuhn, Already with the fundamental experiments,
we were confronted with disagreement, The essential experiments could not
be tackled for that reason, |

The clones wers cultured on Knop agar (1.5%) at different light
sources , especially with neon tubes HNW 4O (Osram) with a daily illuminatiomn
period of 12 hours,

After flooding the agar plate with liquid (Knop solution 0,1%, 1%
soil solution) (1110 with the best distilled water) the cells were completely
flagellated and motile not only in the light but also in the dark (1), No
circumstances were found in which the cslls remained nonemotile after flooding,
The cells were regularily fully motile within a half bhour after floodings in
rare cases it lasted up to 2 hours, Previously during the cultivation on
agar, a very small $ of the cells (0-90% usually, at most 5%) were flagellated (2).
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Moreover, nothing was altered after we tested 1-8 days placement in the dark,
Precise causes for the diminution in percentége of flagellated eeils could
not as yst be determined., Affeeting factors are age of the cul'ture, -CODm
sistency of the agar, and extent of the growth., Even cultures which before-
hand contained no flagellated cells were completely motile in the dark,
Motile cells remain motile and flagellated in 1liquid even after placement
in the dack for an hour to a whole day (3).
| While the experiments on motilization occurred consistently,

highly variable behavior was found uith regard to copulatory ability, We
found that the cells after flooding in the dark .could be likewise copulatory
(k). If both sexes were mixed togetber and flooded in the dark one evening,
often the next morming many copulating pairs were foundj occasionally the
agglutination reaction is initiated within a few seconds to several mimutes
after illumination, Insofar as the material is generally very reactive,
long retardation periods do not occur.. Reactiyity was tested in parallel
with experiments in the light. If ore tests dark cultures of both ams
against reactive light cultures, it is shoun that one sex (designated as
female by Moewus) becomes nearly without exception fully able to 'copuhtg
in the d#rk. On the other hand, dark males tested with reaétive';ight
females gexﬂerally show a delay, Clump formation is initiated several
secbnds to a few minutes after mixing the 8.8298. If one illuminates such
a dark culture of males, the retardation is decreased, The necessary
i1lunination period for the instantaneous reaction (e.g. clump formation
from 10 seconds after mixture of the sexes) is thereby at most greater
than 2 mimtes, perhaps 10~20 mimites,

| It can consequently be confirmed that light influences copulatory
ability, but the obligatory lightedependency and the quantitative relatione
ships of Moewus were not reproduced (5), The influence of different kinds
of 1ight has not been investigated so far. Experiments with filtrates in
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place of illumination and experiments with illuminated filtrates could mot
be vcleanly carried out on account of ths negative results in the dark which
could not confirm that motile and non~copulatory cells were ava.’:lable.
Experimente in this direction proceeded very variably and gave no unambiguous
conclusion, .

Motile cells unable to cé;m]_.ate ought also be obtained by com-
pletely different means, through the copulation-inhibiting reagent, rutin.
According to Moewus, rutin inhibits the ability to copulate up to a dilution
of 10'7/1, thareby blocking gamone formation (6). The cultures, were,
"however, ablz: ‘to copulate in the_ presence of rutin supplements without
exception, No differences were cbtained from the distilled-water controls,
We tested rutin made available by Prof, Kuhn, von Schncharﬁt, and Moewus
in concentrations of 10-l to 10"7 g/1 on a series of different clones,
Cultures from agar containing rutin were also unaffected,

Dr. Moewus had not furnished hermaphroditic strains of C, eugametos
for different kinds of éxpeﬁments (termones), Gones [zygote products] were
isolated from zygote material, To begin with, tetrad analyses were éupen-
fluous for this purpose. The gygotes were easily germinated by the
freezing method used by Meewus and the liberated gones immediately iso-
lated and grown up as clonal cultures., No bisexnals (hermaphrodites) were
found among 109} analysed clones, the sex ratio amounting to 56l males: 530
females, According to Moewus, 3% hermaphrodites were obtained by crossing
over. |

An interpretation of the discrepancies with Moewus' investigations
was not found, The studies on copulation phenomsna will be contimed,
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II, Experiments on copulatory ability in Chlanydomnas euganetos,
The agglutinating effect of sax-specific gamones described by Mcewus
in 1933 was vorified, Ths light~dependence for the release and activity of

these gamonos 1s described, From the viewpoint of new findings, the action
of light~depsndent gamones described later by Moewus is discussed,

The Agglutinationwaffecting Gamones,

Cells of C. eugemetos cultured on agar are able to copulate if
they are transferred to a liquid mediwm, If both sexes are brought together,
en intensive clumpling reaction ensuves, The clumps separate art.er some time
into isolated copulating pairs, If tho suspensions of cells prepared for
eopulation are contrifuged or filtered, the cell-frae supernate induced
clumping in cells of tho opposite sex which were able to -copulate, The
coells in coéulatory condition thus release a sex-specific gamone into the
culture fluid, This filtrate activity was described by Moewus in 1933,

We could consistently reproduce it. In significant details: our findings
differ from the account of Moowus, _ .

1) According to Moowns the filtrates can only work if becteria
are present, We find, on the contrary, elso maximal activity in bacteria.
free cultures. The activity reaained even in aterile filtrates passed
through Jena glass filters, Filtrates from the latter simply showed a
dimimution of activity., Apparently the active componente are adsorbed
to the filter, Whereas the first ml which passed through the filter is
often completoly ineffective, optimal activity occurs after some time
with a larger quantity of filtrate, '

2) !-Ioeuus states that the active filtrates exhibit a lowering
of the freezing point (FP) of about 10°, In our experiments the P of
the filtrates remains at 0° just as in the pure culture fluid, FP modi-
fications are mot present, at least mot of this order of magnitude, The
filtrates had optimal activity before and after freesing,
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3) Moowus furtkor states that the filtrates lost their activity
after 12 hours. We feund that the ratention of the activity of the gamons
is temporature-degendent. A% room temperature (19° +1°%) the activi'hy
disappears in 24 days. It makes no difference if the filtrate is kept
illuminated or not. In the icebox (4° % 1°) the activity is retained for
geveral seceks, Higher tcmperatures destroy the activity even after a
ghort time, The table (not given) shous ihe order of magnitude of the
temperature-depondence Tho peroistence oféactivlty is shorter in
filtrates not optimally active,

The Light~dependence of the Action of the Gemons,

I male and female cultures ave flooded in light, the cells be-
come copulatory. Filtrates from the illuminated eultures cause typical
clump formation with cells of the opposite sex. Both sexes thus release
gamones in the light, Moreover, both sexes hecome roactive to the gamones
in the light. , ‘ |

| If the male and female cultuves are flooded in the dark one
evening, ard ths rext morning are eén‘brifuged free of ¢olls in the dark,
the supernate derived from the femé\las is active, while on the other
hand, that from the wales is mot, - The £5ltrate from a male culture anly
becomes active afier i].]miﬁatim. _

The reactivity of the c3lls parallels that of the gamones, 7The
femalos becoxme fully reactive in the dark: with the addition of male
filtrates they form clumps mmediately, The dark male cslls do not react

to the female gamono: they become reactive only after illunimtim..

If femals filtrates are added to reactive males, clump formation
starts immediately. If the experiment is carried out in the light, the
reaction begins to disappear in ca one hour and is entirely gone after
kS hours. ‘If thero is much filtrate for few cells, the reaction is
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waintained longer. If there is little filtrats for many cells, the reaction
disappears faster. The spocified time is based on 1 ml filtrate which was
delivored to 1 ml cells at a density of 10° cells/m1l, The du’ratiuﬁ of the
reactién of females to male filtrates is shorter. Under the same condi.
tions it disappears fully after porhaps 2-3 houra. If one again adds
supernatant at the erd of the reactlon it acks esllespscifically: the
supernate of the fomales acts on males; the supernate of the males acts

on females, ‘

Tilluminated, fully reactive cells placed in the dark after the
addition of filtrate, show charactoristic differences to the conditions of
light aceording to sex, If ons places famle ﬁitratea on males, the age
glutination reaction deteriorates rapidly in the dark, i.e. the male cells
quickly lose their reactivity to the female gamone in the dark, and the
female gamone does not become saturated, The female gamone is still
demonstrable in supernates prepared afier a few hours. nxa’snpamta
is still active on illuminated male cells, Aftor the same interval,
the female gamons is no longer demonstrable in the 1ight experiment.

On the other hond, the agglutination reaction is carried out
in the dark when male filtrates are placed on females, Compared with the
light experiment it is only imsignificantly weaker, The male gamones are
used up in the dark, If supermates are prepared from the treated females
after a few hours, they act specifically only on males, mot on females,

DISCUSSION

In his work of 1933 Moewus degcribed the action of agglutinating
gamones, In his later work, he bhas investigated the 1ight dependence of
copulatory ability without making reference to this gamone reaction, and

thon replaced the effect of light by filtrates, With it hs wished to
demonétrat«e a second gamone effect, This gamone II effect is linked to
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crocatindimethylester according to Mocwus, In our experiments we had; above
all, the purposs of reproducing this gamone II effect which stands as the |
central focus of Moswus' investigations, We came to d:.sagra/e on that,
Moewus attacked the problem of gamone II effect by sdding the filtrates from
copulatory cells of the same sex to nom-copulatory dark cells, According
o Moewus, urder the influence of the filtrates, the cslls bacame copulatery
in the absence of light. The filtrate would thus contain substa‘nces which
" would be formsd normally by the cells cnly in 1light, and which are dacisive
for copulatory ability. The anbataneés were defined as sex-specific
m:lxlmres of cis and trans croeetindinet&vlestor. .

'L‘he filtrate induced copulatory ability of the dark cells was
tested by the mixture of both sexsz, In the belief that the gamons I
effect (agglutinating action) is bound to the presence of bacteria, Mcewus
could ignore the occurrence of gamcne I effect in these tegts when he
worked with bacieria«free cultures, - On the basis of our results that
bacteria=free cultures are also active, a test on gamone II effect is at
least greatly inpeded because ganéne I effect is always noted, If one
gives, for instance, active male filtrates to unreactive male dark
cells, and then tests these dark males against tho reactive females,
clump formation occurs of necessity, solely because éf gamone I effect,
for in the females an iscagglutination is developed as a result of male
filtrates, It is thus difficult to demonstrate a gamone IT effect in
the test of clump formation, for gamone I effect always interferes, and
the appearance of a gamone II effoct can not be distinguished,

It does not appear possible to test gamone II effect at the
next copulation state elther. Pair formation appears om.y by the mixture
of both sexes, Therefars, just for the agglutination alone, l; factors are
necessary (all essential also for the complete progress of the copulation):
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ganorne formation in the females, ganone formation in the males, reactibility
of the females .t-o gamone I, reactibility of the males to gamone I, Two of
these factors are light-dependent and thus conceal a second light~dependent
gamone effect, Our ysarw-long ezperiments on the inﬂ'ueﬁoe of light on copu-
lation leave no room for a sscond light.dependent gamone afféct. They can
be fully explained by the lightedependence of gamons I effect. The females
need no light to develop copulatory capacity; light is a significant factor
for the copulatory cspacity of the males, It is true that this lighte-
dependsnce is not obligatory, as fundamentally, copulations can take place
_:lnthedark. If the mixture of cells of both sexss are left for a longer
time, clumps and pairs appear even in the dark, It is still not clear |
which factors heveby ave introduced in the place of the light. The course
of copulation is at least inhibited for several hours in the dark, however,
in contrast to the controls placed in the light,

Especially informative are the last described findings on the
light~dark experiments on males, They remain in clear contradiction to
the filtrate experiments of Moewus. In the light, males brought to full
reactivity lose their reactivity to the femalo gamone after transfer to
the dark,

In its suppert is, in addition, the pair formation in cultures
which becoms fully copulatory in the 1ight, and then when mixed in the dark,
were strongly retarded, in contrast to the controls, Occasionally it
E:opu]ation] ceases entirely. Camones I are readily released in light,
and they contime to be actively produced in the dark., According to
Moewus' experiments in which filtrates should substitute for light,
gamone II must also remain active in the dark, Hevertheless, copulatory
eépaeity is very quickly lost, Even if the effoct is not absolntp, it
is still a strong factor, The latter effect leads to nothing further en
the behavior of the male gawone I in contrast to that of the femals, Of



course if such males uhvich bscome weaciive in tho Iight and then placed

in tho dark, avre fested ageinst the reactive light femalss, clump formation

. ) - /
occurs. The male gamone I is wroduced and acts o the females, Duzing
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obgervation under the binconlayr microscops the male coils were illuminated
2l Asnmmeaemntt e aflaa a alvend .:‘_..«;.,,....,,1 Pooone reachive amald
SNt CONGRGUEHTLY 1@ 3 800l INgnval, oetoml IEACcuULVe &g2un,

L PR - RS . Ponrd & = 2,
The garirisr of sgglutinating ganone offechd is precipliated by

ammeniva sulfate, and is not dialyzable,
We see for cur part no possibility that the effect of gamope

IT of Moswus is demonsirable. Furiler determinmations ave ia progress.
<>



